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Introduction
The Institute of Sugar and Alcohol (IAA) was created in 1933 with the main objective of mitigating the strong international shock that affected the sugar market at the time. This allowed the safeguarding of production and prices of local agents (Szmrecsányi 1979; Ramos 1983) . The sector's deregulation in the 1990s changed the entire institutional environment, including the pricing process of sugarcane-the basic raw material for sugar and ethanol production in Brazil-and freed the sugar and ethanol pricing mechanism, which has since then been determined by the market forces of supply and demand (Quintino and David 2013; De Moraes 2000) .
With the gradual withdrawal of the state from the economy, the agents began to exert self-regulation to cope with the uncertainties inherent to the economic activity of the sugar-energy sector, particularly in price risk management (De Freitas Vian 2003) . To face the new and turbulent scenario and offer a financial instrument that would meet the need to minimize price risks, the São Paulo stock exchange BM&F-BOVESPA, or the Brazilian Securities, Commodities and Futures Exchange, launched futures contracts for sugar in 1995 and for ethanol in 2000, with a view to turning them into price references in the domestic market for ethanol, and internationally in the case of sugar (Burnquist et al. 2002) .
The anhydrous and hydrous ethanol markets have different dynamics in Brazil. The productive structure is the same and the vast majority of plants produce both types of ethanol. The anhydrous spot market has price fixation influenced by the gasoline market that is extremely regulated by the Petrobrás (Brazilian Petroleum Company, Rio de Janeiro, Brazil) sales policies and the rules of percentage of ethanol addition in gasoline. In turn, the futures market for this product is influenced by the expectations of fuel distributors and Petrobrás.
Hydrous ethanol has a more dynamic spot market, as mills can sell directly to fuel distributors based on market conditions each month, with seasonality and regional market conditions.
The futures market for this product could reflect the expectations of the distributors, in case of enough liquidity.
With regard to the market structure, although the sector is still relatively fragmented, it is becoming increasingly consolidated with the entry of private and public domestic and foreign capital, driven by different business strategies such as the search for economies of scale and scope, and the vertical integration of activities. The ranking and presence of foreign capital in the sector has changed. This share increased from 7% in 2007 to 22% in early 2010, with the major groups including multinational trading companies such as Louis Dreyfus, Bunge and Tereos-Guarani. Also, it is important to note the increasing insertion of Petrobras in the ethanol chain through its acquisition of shares in Tereos and a partnership signed with the São Martinho group (Gordinho 2010) .
These recent developments motivated us to investigate the dynamics and interrelationships between ethanol spot and futures prices 1 in Brazil, and to ascertain if the current BM&F-BOVESPA ethanol futures contract exerts its price discovery function. Price discovery in futures markets refers to the role of these markets in forming price expectations that will prevail in the available market. In the sphere of futures markets, low liquidity associated with information skewness can lead to market inefficiency, deficiency in the price discovery process, and reduced risk management capacity (Mattos and Garcia 2011) .
The literature about Brazilian commodities futures markets is still little explored (Serra et al. 2011; Bentivoglio et al. 2016) , notwithstanding the importance of agribusiness to the country's economy. A purpose of this study is to examine the relationship between ethanol spot and futures prices in Brazil. Thus, we aim not only to help the professionals associated with the sugar-energy industry gain a better understanding of the dynamics between spot and futures prices (Bekiros and Diks 2008) but also to contribute to the debate among specialists in the spheres of academia and government.
This present work analyzes the relationships between ethanol spot and future prices involving the most recent hydrous ethanol contract in Brazil. During this new period, a contract in local currency is established and deals with an alternative fuel to gasoline in the domestic market and its price formation takes place on the main fuel distribution center in the country (Paulínia). It is cash-settled and presents contractual innovations when compared to the previous contract (anhydrous ethanol), in dollars (Santos). In the latter case, a product aimed at exports that did not meet market expectations.
The results of this work are intended to complement the study published by Mattos and Garcia (2006) about the price discovery in the futures markets of Brazilian agricultural commodities with low liquidity. According to the authors, "the recent studies in price discovery tend to show that futures prices play a major role in the pricing process. However, when the focus turns to low-liquidity markets, the results are mixed". The results are mixed and it is necessary to understand some characteristics of specific commodities chains such as the volume traded, the market concentration, the volume exported and others important aspects in chain dynamics such as innovation and substitute products.
Therefore, having in mind the importance that the ethanol sector represents in the domestic and international market, we understand that it would be relevant to know in more depth the relations between ethanol spot and future prices. As previously mentioned, ethanol has specific characteristics: it is an important product in the Brazilian internal market; it presents a variable volume of exports and imports; and it has an important substitute, namely gasoline which is controlled by a government 1 Spot price is the current price of a given asset (e.g., currency, security, commodities, . . . ) transitioned for immediate delivery, while future price refers to its expected value at a specific future date and place.
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Literature Review
The literature on price discovery in futures markets is extensive. This section will focus on articles that have studied futures contracts in Brazil. In addition, papers that have studied commodities futures markets of low liquidity, such as ethanol futures contracts in Brazil between 2010 (year of contract re-launch) and 2012. Figure 1 shows the monthly trading volume and open interest of ethanol in BM&F-BOVESPA and Figure 2 presents the evolution of ethanol futures and spot prices in Brazil. Int. J. Financial Stud. 2017, 5, 11 3 of 10 company. For this reason, we chose to study ethanol in order to elucidate the importance of price discovery in this market. This paper is structured as follows: after this introduction, Section 2 presents a literature review; Section 3 describes the methods and data used in the analysis; Section 4 discusses the results; and lastly, Section 5 offers our final remarks.
The literature on price discovery in futures markets is extensive. This section will focus on articles that have studied futures contracts in Brazil. In addition, papers that have studied commodities futures markets of low liquidity, such as ethanol futures contracts in Brazil between 2010 (year of contract re-launch) and 2012. Mattos and Garcia (2004) studied price discovery in commodity futures markets in Brazil, using the Johansen and error correction methods to analyze the relationship between BM&F-BOVESPA's spot and futures prices from 1995 to 2003. The authors found that, unlike high liquidity futures contracts such as beef and coffee, the sugar market of low liquidity played a more decisive role in long-term price discovery. Perobelli (2005) analyzed the relationship between live cattle future and spot prices in the Brazilian market from October 2000 to March 2005, in the period when the meat packing plants entered the market, and therefore, all the links in the chain had agents operating in the futures markets. The econometric tool adopted was Engle and Granger's cointegration method (Alves et al. 2008; Granger and Newbold 1986) . The author found that the two prices influence each other and that there is a long-term relationship of equilibrium.
With regard to newly launched low liquidity contracts, Fortenberry and Zapata (1997) examined the relationship between the futures and spot prices of cheddar cheese, diammonium phosphate and anhydrous ammonia. Their analysis was based on the relationship of cointegration between spot and future prices, and their findings revealed long-term relationships in diammonium phosphate and ammonium sulfate contracts. This evidence, allied to the findings of Mattos and Garcia (2004) , suggests that even futures markets of low liquidity can utilize the price discovery mechanism efficiently. Mattos and Garcia (2004) studied price discovery in commodity futures markets in Brazil, using the Johansen and error correction methods to analyze the relationship between BM&F-BOVESPA's spot and futures prices from 1995 to 2003. The authors found that, unlike high liquidity futures contracts such as beef and coffee, the sugar market of low liquidity played a more decisive role in long-term price discovery. Perobelli (2005) analyzed the relationship between live cattle future and spot prices in the Brazilian market from October 2000 to March 2005, in the period when the meat packing plants entered the market, and therefore, all the links in the chain had agents operating in the futures markets. The econometric tool adopted was Engle and Granger's cointegration method (Alves et al. 2008; Granger and Newbold 1986) . The author found that the two prices influence each other and that there is a long-term relationship of equilibrium.
With regard to newly launched low liquidity contracts, Fortenbery and Zapata (1997) examined the relationship between the futures and spot prices of cheddar cheese, diammonium phosphate and anhydrous ammonia. Their analysis was based on the relationship of cointegration between spot and future prices, and their findings revealed long-term relationships in diammonium phosphate and ammonium sulfate contracts. This evidence, allied to the findings of Mattos and Garcia (2004) , suggests that even futures markets of low liquidity can utilize the price discovery mechanism efficiently. He and Xie (2012) analyzed sugar spot and futures prices in China in order to verify the presence of market power or price discovery. They used daily spot price data from Guangxi Province, the country's largest sugar producer, and futures prices from the Zhengzhou Commodity Exchange between January 2006 and September 2009. Their methodology was based on Johansen's cointegration analysis with error correction and variance decomposition of spot and futures prices through Hasbrouck's information shares approach. They found that the sugar futures market is efficient in price discovery and information transmission. Spot and futures prices are cointegrated, the future price Granger causes the spot price, and spot prices are more informative than futures prices. Moreover, they found that (i) irrational speculation distorts the pricing mechanism; (ii) oligopolies and local government politics hinder the participation of agents in the sugar futures market; and (iii) the wholesale sugar market somehow substitutes the use of futures markets.
Specifically with regard to anhydrous ethanol futures contracts in Brazil, Alves et al. (2008) studied the efficiency of this market. The authors used the Johansen cointegration procedure with error correction, relating the weekly spot and future prices between July 2000 and May 2006. They observed that the levels of the series were not stationary, except when considered in their first difference, i.e., they were integrated of order one.
The efficient market hypothesis (EMH) is a backbreaker for forecasters. It is associated with the idea of a "random walk," which is a term loosely used in the finance literature to characterize a price series where all subsequent price changes represent random departures from previous prices. The EMH maintains that market prices fully reflect all available information. Developed independently by Paul A. Samuelson and Eugene F. Fama in the 1960s, this idea has been applied extensively to theoretical models and empirical studies of financial securities prices, generating considerable controversy as well as fundamental insights into the price-discovery process. Timmermann and Grange (2004) considered the importance of the information set adopted in the test. It was found that although the variables presented cointegration, the hypothesis of weak market efficiency was rejected.
The next section explains the methods adopted in this work, starting with the analysis of cointegration and concluding with the methodology of price discovery proposed by Lien and Shrestha (2009) , following Christofoletti et al. (2012) . Lien and Shrestha´s approach, as will be shown later, represents an advance on Hasbrouck´s method, used by He and Xie (2012) He and Xie (2012) analyzed sugar spot and futures prices in China in order to verify the presence of market power or price discovery. They used daily spot price data from Guangxi Province, the country's largest sugar producer, and futures prices from the Zhengzhou Commodity Exchange between January 2006 and September 2009. Their methodology was based on Johansen's cointegration analysis with error correction and variance decomposition of spot and futures prices through Hasbrouck's information shares approach. They found that the sugar futures market is efficient in price discovery and information transmission. Spot and futures prices are cointegrated, the future price Granger causes the spot price, and spot prices are more informative than futures prices. Moreover, they found that (i) irrational speculation distorts the pricing mechanism; (ii) oligopolies and local government politics hinder the participation of agents in the sugar futures market; and (iii) the wholesale sugar market somehow substitutes the use of futures markets.
The efficient market hypothesis (EMH) is a backbreaker for forecasters. It is associated with the idea of a "random walk," which is a term loosely used in the finance literature to characterize a price series where all subsequent price changes represent random departures from previous prices. The EMH maintains that market prices fully reflect all available information. Developed independently by Paul A. Samuelson and Eugene F. Fama in the 1960s, this idea has been applied extensively to theoretical models and empirical studies of financial securities prices, generating considerable controversy as well as fundamental insights into the price-discovery process. Timmermann and Granger (2004) considered the importance of the information set adopted in the test. It was found that although the variables presented cointegration, the hypothesis of weak market efficiency was rejected.
The next section explains the methods adopted in this work, starting with the analysis of cointegration and concluding with the methodology of price discovery proposed by Lien and Shrestha (2009) , following Christofoletti et al. (2012) . Lien and Shrestha's approach, as will be shown later, represents an advance on Hasbrouck's method, used by He and Xie (2012) to analyze the relationship between spot and futures sugar prices in China. Engle and Granger (1987) For the pth-order cointegrated VAR model, the error correction form is:
Methodology
The coefficients matrix Π is the cointegrating matrix and it has long-run information. The number of eigenvalues of Π that are statistically different from zero, i.e., the rank of Π, corresponds to the number of cointegrating vectors. Johansen establishes the statistics of the trace and maximum eigenvalue as follows:
whereλ i are estimated values of eigenvalues obtained from matrix Π, and T is the number of observations. The null hypothesis is that there is a maximum of r cointegrated vectors. So, the following equations will be estimated by the Johansen procedure to verify the existence of short-and long-term relationships, according to Equations (4) and (5):
where ∆F t and ∆S t are the first difference of future and spot prices, respectively, and ECM t−1 is the error correction term, defined by ECM t−1 = ln ∆S t − τ ln ∆F t , which reflects the speed of adjustment to restore long-term equilibrium. Granger causality tests (Granger 1988 ) only the direct relationship between variables, i.e., the variables move in unison. The variance decomposition arising from the information share (herein after referred to as IS) proposed by Hasbrouck (1995) is a model based on the reactions of variables when subjected to shocks, which are divided into transitory and permanent shocks.
The permanent component is called a common factor or common efficient price, and this method assumes that volatility reflects new information and assigns higher price discovery to the market that contributes most to the efficiency variances in the common price.
Considering that there is no autocorrelation in innovations, Hasbrouck (1995) defines IS as follows:
where Ω is the covariance matrix of prices and ψ is the sum of the coefficients of the moving average prices. Therefore, the expression ψ 2 j Ω jj represents the market's participation j (j = 1, . . . , n) in the variance of the common factor, denoted by ψΩψ T .
If the covariance-variance matrix is not diagonal, then the IS is defined as:
where F is the Cholesky decomposition of Ω and its lower triangular matrix, and [ψF] j is the j-nd element of row vector ψF. Since the IS of Hasbrouck (1995) uses the estimation of an error correction model that decomposes the effect of shocks, this implies that the IS can provide different estimates, depending on the ordering of the prices in the system. In this regard, the estimation of IS will also be performed in reverse order. Lien and Shrestha (2009) overcome this limitation and propose a measure that offers uniqueness in price discovery, in other words, independent of the order of the price series, denoted by MIS (Matrix Information Share) according to Equation (8):
where
. Λ is a diagonal matrix composed of the eigenvalues of the correlation matrix of innovations; G is a matrix in which the columns are the corresponding eigenvectors, V is a diagonal matrix and the elements on its main diagonal are standard deviations of the innovations.
It can be verified that Ω = F * (F * ) T , and that this structure involves a full matrix rather than a lower triangular matrix, which implies uniqueness to measure price discovery.
Data Description
Two sets of hydrous ethanol prices were considered: spot and futures prices. Both prices were obtained from Brazilian Securities, Commodities and Futures Exchanges (BM&F-BOVESPA) and are quoted in Brazilian currency ("Brazilian Reals") per 30 cubic meters.
The spot prices of ethanol refer to Paulínia, the largest fuel distributor hub in Brazil located in upstate São Paulo. São Paulo is the major producer province in Brazil, which was responsible for some 60% of the Brazilian ethanol supply in 2012.
Futures contracts on ethanol BM&F-BOVESPA mature at the end of every month and are cash settled. The last trading day is the last business day of the maturity month. The trading unit of each futures contract is 30 cubic meters, and the underlying commodity is defined in accordance with the technical specifications of the National Petroleum Agency (ANP). Nearby futures contracts were considered and the series is rolled over to the next maturity on the last day of the contracts.
In May 2010, the BM&F-BOVESPA relaunched ethanol futures contracts. This is the third attempt to establish an efficient alternative to managing the price risks of ethanol in Brazil. Therefore, the period of analysis focused between 1 June 2010 and 31 October 2012.
Results
We analyzed the stationarity of the series by means of ADF (Augmented Dickey-Fuller), ADF-GLS (Generalized Least Squares) and PP (Phillips-Perron) tests. In these tests, the null hypothesis is the existence of a unit root (non-stationarity). We applied these tests in both, without and with first-difference form, considering models with constant performance. The Schwarz´s Bayesian Information Criterion (BIC) determines the maximum lag. Tables 1 and 2 show the descriptive statistics of the ethanol prices and the augmented Dickey-Fuller test (Dickey and Fuller 1979) , respectively. The cointegration estimation results are provided by Tables 3 and 4 . The statistics trace and χ max suggest that there is a cointegration relationship between the variables at the 5% level of significance. This result suggests that there is long-run relationship between the spot and futures prices of ethanol in Brazil. Observing the values of the coefficients of the Error correction model ECM in Table 5 , only the coefficient on the futures market is significant, indicating that the dynamics of the futures price restores long-term equilibrium in case of deviation of the path. The estimated coefficients indicate that there is a relationship between the two prices, but only the futures price makes the adjustment after deviations from the equilibrium. This suggests that the spot market is the "dominant" market in this relationship. This result is consistent with the fact that the futures market has very low liquidity, hence futures prices are probably not representative of current market conditions and end up just following whatever happens in the spot market. Also, one observes that spot and future prices are significant in ethanol price determination in Brazil. However, due to the low liquidity of the futures contracts, it is possible that few agents in that market can obtain important information, in advance, about the mean spot price behavior. Thus, the future price tends to "follow" the spot market. Furthermore, the future price is defined before (15:25 h) and the spot price at (18:00 h). This can explain the fast reaction of the future prices when one can obtain new information about the market behavior. Table 6 highlights the MIS decomposition between the spot and futures price. It is observed that the spot price is predominant in the ethanol price discovery process. Based on these results, there is evidence that the spot market is the main price discovery source of ethanol, in other words, the spot market is more informative than the futures market. The leadership of the spot markets in price formation has a close relationship with the market's relative concentration in that sector. The greatest companies located in São Paulo (the greatest Brazilian state ethanol producer) can use their high tankage capacity in order to obtain higher prices in the off season when only few great producers are able to supply ethanol.
More specifically, according to Zanão and Caixeta-Filho (2011) , the four greatest economic groups in São Paulo state hold more than half of the ethanol storage capacity in the same state.
Also, one can observe a market´s relative concentration in wholesale. A lot of unities of ethanol producers form the marketing groups. They combine, among other reasons, to increase the bargaining power in negotiations with ethanol distributors.
With respect to the 2006/2007 harvest, in accordance with Dolnikoff (2008) , 51.48% of the ethanol production in the center-south region of Brazil, which accounts for approximately 90% of the national ethanol supply, was commercialized by just four groups. However, the greatest concentration level occurs in the distribution sector. In 2009, the five greatest companies in the sector held approximately 65% of the trade involving hydrous ethanol in Brazil. According to Sindicom (National Union of Fuel and Lubricant Distribution Companies), in 2013, the market share in the distribution of hydrated ethanol was 20.5% for BR Distribuidora (Rio de Janeiro, Brazil), 18.8% for Raízen (São Paulo, Brazil) and 18.7% for Ipiranga (Porto Alegre, Brazil), and only 2.7% for Alesat (Natal, Brazil), the fourth one, out of a total of 152 distributors. In short, there is evidence indicating that the increase of trade concentration in the ethanol market may be due to the leadership of the spot markets vis-a-vis futures markets, in the long-term prices discovery process.
Conclusions
The purpose of this work was to examine the relationship between ethanol spot and futures prices in Brazil, after BM&F-BOVESPA's third attempt to introduce ethanol futures contracts in the aforementioned country. The futures market was found to have less pricing power than the spot market, with the latter accounting for almost the whole of the long-term price discovery process.
This fact can be explained first by the relative concentration of ethanol in the wholesale market, with only a few groups holding a significant share of the market, and by the oligopolistic behavior of the distributors. A second explanation for the importance of spot prices is the regulation of the ethanol market by the Brazilian Federal Government and by the Petrobrás price and sell politics. These factors are important because they affect the expectations of the agents and their strategic options for buying and selling ethanol.
In sum, in order to understand the price mechanism of ethanol in Brazil, one must examine the institutional questions regarding the regulation of the markets. Furthermore, we highlighted that the most important contribution of this text is to show and explain the dynamics of a regulated market and the importance of understanding the role of coordination and of institutional rules.
